There is increasing evidence of association between particulate matter air pollution and cardiovascular mortality and morbidity. However, the association with the out-of-hospital cardiac arrest (OHCA) event is less clear. We investigated the effects of short-term particulate matter exposure on OHCA especially among specific subgroups. The study included OHCA that occurred in the Nord-Pas-de-Calais region, France, in 2015. A time-stratified casecrossover study design coupled with a conditional logistic regression was used to evaluate the association between OHCA and particle levels of 10 or 2.5 micrometers or less (PM10 or PM2.5 respectively) measured within the hour of the arrest up to 5 days before. Susceptible subgroups by sex, age, diabetes status among OHCA that occurred during non-holiday periods were investigated. In all, 1039 cases were included. Significant associations were found between OHCA during non-holiday periods and PM2.5 and PM10 exposure four days before the arrest and on the day of the arrest. The largest OR were found for the cumulative average twelve hours before the arrest of PM2.5 (OR = 1.17, p = 0.016) and PM10 (OR = 1.33, p < 0.001). With PM2.5, larger OR with smaller p-values were generally obtained within the subgroups of men, age 50 to 75 years old and cases with diabetes. The findings show a significant link between short-term exposure to particulate matter and OHCA during non-holiday periods, with susceptible subgroups to PM2.5 (men, age 50 to 75 years old and diabetics).
Introduction
Cardiac arrest is an important public issue. Overall survival rates remain low in most countries but vary widely across the world where it is expected to range from 2% to 20% [1] . In the general population, the incidence of sudden cardiac death (SCD) would be in the range of 4 -5 million cases per year [2] . In France, it is estimated at 50,000 cases per year, more than 85% of which occurring outside of a hospital setting [3] . Although the incidence of SCD increases with age, the proportion of deaths that are sudden is larger in the younger age groups in which the socioeconomic impact of SCD is greater [4] .
Air pollution is the fourth highest-ranking risk factor for death globally and was estimated to cause 5.5 million deaths worldwide per year in 2013 [5] . Shortterm exposure to air pollution especially with regard to fine particulate matter is increasingly associated in the literature with cardiovascular morbidity and mortality [6] [7] [8] [9] [10] . A positive association can be found between fine particulate matter with an aerodynamic diameter under 2.5 μm (PM2.5) and out-ofhospital cardiac arrest (OHCA) in several studies [11] [12] [13] , though the association is insignificant in others [14] [15] . With respect to PM smaller than 10 µm (PM10), carbon monoxide (CO), sulfur dioxide (SO 2 ), nitrogen dioxide (NO 2 ) and ozone (O 3 ), the evaluation of risk of OHCA leads to inconsistent results [13] [16] [17] [18] .
The aim of our study is to investigate the effect of exposure, at hourly and daily scales, to particulate matter (PM2.5 and PM10) on the incidence of OHCA in Nord-Pas-de-Calais (NPdC), France. Additional objectives were to investigate, among OHCA occurring over non-holiday periods (as pollution levels are different between holiday and non-holiday periods), the effect in specific subgroups by sex, age and diabetes status so as to reveal potentially vulnerable subgroups that would incite public authorities to review air quality standards.
Materials and Methods

Out-of-Hospital Cardiac Arrest Data
From January 1 to December 31 2015, OHCA data that were recorded by ten mobile emergency and resuscitation services were collected from the French cardiac arrest registry "Registre électronique des Arrêts Cardiaques" (RéAC) for a population representing 71.45% of the 4.2 million inhabitants of the NPdC re- [1] . The RéAC form is structured according to the Utstein universal style which has been the recommended guideline for uniform data reporting of OHCA [19] . The form contains, among others, the following categories: socio-demographic data (e.g. sex, age, GPS coordinates of the arrest, the city they live in), schedules and time intervals and the cardiac arrest history (e.g. diabetes status). The registry was approved as a medical assessment registry without a requirement for patient consent by the French advisory committee on information processing in health research (CCTIRS) and by the French National Data Protection Commission (CNIL, authorisation number 910946). Data extracted in NPdC, in 2015 consisted of 1408 cases. We excluded 235 arrests with an etiology inconsistent with the assumption of a pollution related arrest: trauma (n = 143), pulmonary aspiration (n = 56), poisoning (n = 31), drowning (n = 5).
When the location of the OHCA of the patient was different from the city they live in, the OHCA was excluded (n = 134) because of the study design that compares pollution levels to which the patient is exposed within the same month.
Ambient Air Quality and Meteorologic Data
Our study focused on the effect of ambient PM2. 
Study Design
The case-crossover study design was proposed by Maclure to be applied when brief exposure causes a transient change in risk of a rare acute-onset disease [20] .
This can be regarded as a case-control study in which each case serves as his or her own control. The exposure of the patient during the risk period (at the time of the arrest minus the lag time considered to the onset of action) is compared to the distribution of exposure of the patient during a reference period. It has been suggested that exposures during the reference period should be exposures on all days falling on the same day of the week within the same month of the arrest so as to control biases from long-term time trends, seasonal patterns, autocorrela- 
Subgroups
After analyzing OHCA occurring all year long, we focused on OHCA occurring during non-holiday periods. Indeed, a holiday effect, defined as differences in air pollutant concentrations between holiday and non-holiday periods, has been reported with higher PM10 levels during non-holiday periods [23] . 
Lag Times
In order to take into account a potentially delayed association between the exposure and OHCA onset, each analysis included alternately air pollution exposure concentrations measured at one of the lag times described hereafter. Exposure to air pollution of each case was collected during the hour of the arrest (lag0h); cumulative hourly averages were also computed: CA4h (mean of the hour of the arrest and the three hours preceding the arrest, mean lag0h-lag3h) and CA12h (mean lag0h-lag11h). Daily lags were also investigated: lag0d (the exposure the day of the arrest) up to lag5d (the exposure five days before the arrest). For the cumulative hourly averages (CA4h, CA12h), values were considered missing if less than 75% of the hours needed for the average were available.
Statistical Analysis
A conditional logistic regression was used to estimate the odds ratios (OR) providing a measure of the association between air pollution exposure and the oc-Open Access Library Journal [28]. Then, when a lag showed a significant association (OR with a p-value less than 0.05), a multi-pollutant model was implemented to check if the association would remain significant after adjusting for potential confounders. The pollutants added in the multi-pollutant models were chosen if they had a moderate correlation (asbsolute value of Spearman correlations, on the day or on the hour of the arrest, between 0.40 and 0.60) which would limit confounding and over-fitting. Thus, multi-pollutant models were models adjusted for temperature, NO 2 and O 3 levels. In each analysis, pollution variables were used with the same lag period; temperature levels were used at lag0d at the hourly scale, and with the same lag period as pollution variables at the daily scale. Investigation of specific subgroups by sex, age and diabetes status was made with single-pollutant models. All analyses were performed using the R statistical software (R Core
Team, 2015).
Ethics
This study was done with anonymized patient data, and therefore, ethics committee approval was not necessary.
Results
Among the 1039 OHCA that met the inclusion criteria, 624 (60.1%) were experienced by men; 482 (46.4%) patients were in the 50 -75 age group and 423 (40.7%) patients were over 75 years old; 170 (16.4%) cases have been diagnosed with diabetes. Table 1 No significant association at any lag was found between OHCA occurring all year long and PM2.5 or PM10 ( Table 2 ). The assessment of the association between non-holiday OHCA and PM2.5 (Table 3) Figure 1 . OR for non-holiday OHCA versus PM2.5 with subgroups in single-pollutant models.
at lag0d and lag4d with the smallest p-value (OR = 1.15, p = 0.004). The assessment of the association between non-holiday OHCA and PM10 (Table 4) showed significant associations at the same lags as for PM2.5 with the largest OR and the smallest p-value in single-pollutant models at CA12h (OR = 1.33, p < 0.001).
In the following, for subgroup analyses, we describe single-pollutant models.
The largest OR with the smallest p-values are mentioned at the hourly scale and at the daily scale. 
Discussion and Limitations
Discussion
No significant association was revealed taking into account OHCA occurring all year long contrary to OHCA occurring during non-holiday periods. This may be explained by higher levels of particulate matter during non-holiday periods related to high traffic [23] . During the non-holiday periods, associations were Open Access Library Journal found significant at the same lag times for PM2.5 and PM10 both at the hourly and daily scales (lag0h, CA4h, CA12h, lag0d, lag4d); this result is consistent with the fact that the levels of those pollutants are highly correlated. Larger OR with smaller p-values are found with PM10 compared to PM2.5. We have to be cautious interpreting this because there were more monitors measuring PM10 (n = 32) than PM2.5 (n = 11) possibly resulting in more reliable values reflecting individual exposures for PM10. However, lag4d was more significant with PM2.5
(OR = 1.15, p = 0.004) than with PM10 (OR = 1.13, p = 0.037) though multi-pollutant models did not give significant association for any of the daily lags.
Significant results using multi-pollutant models are limited by correlation between pollutants which can result in over-fitting and masked effects. Analyses of non-holiday OHCA versus PM2.5 in subgroups men, age group 50 to 75 and diabetics generally showed larger OR with smaller p-values at the hourly scale (lag0h, CA4h, CA12h) and at lag0d for the first two subgroups.
In the literature, at the hourly scale, some studies found no significant association of PM2.5 or PM10 with OHCA [13] [16] [29] . A study found an association with the PM2.5 concentration during the hour of the OHCA, but only if this was witnessed by bystanders [30] . At the daily scale, some studies found significant positive associations between PM exposure (especially PM2. at a yearly scale by advancing atherosclerosis progression, at a daily scale by initiating or enhancing inflammatory processes in the lung and systemically and at an hourly scale by triggering ventricular dysrhythmia [13] . Particulate exposure may act on the autonomic nervous system to cause increase vulnerability to heart arrhythmias by increasing the incidence of ST-segment depression a marker of myocardial ischemia [33] , by decreasing heart rate variability HRV a marker of cardiac autonomic control [34] 
Limitations
The study found significant results over the non-holiday periods. We have to be cautious because we thus excluded holiday periods during which air pollution may act differently.
Multi-pollutant models used were adjusted on potential confounders O 3 and NO 2 but that could lead to improper models because of interactions or over-fitting (correlated pollutants). Indeed, toxicological studies reported that O 3 may react with the surface of particles rendering them more biologically reactive [41] , and NO 2 is a marker of air pollution from local combustion sources (primarily motor vehicle traffic).
Interpretation of our results in a wider context is limited. Results are dependent of the study period, the number of monitors used (a small density can result in exposure misclassification), the area covered, sample size of cases, the designation of health end point, the comorbidities studied, the method of the pollution measurement, the composition of particulates, and the level of ambient concentration [30] . The imprecision of exposure estimates by using ATMO-NPdC monitors for the individual exposure measures for OHCA (that could occur indoors) can be considered non differential with respect to OHCA risk (the calculated OR would be underestimated). Nonetheless, strong correlations were found between indoor, outdoor, and personal levels of PM2.5 [42] .
Conclusion
OHCA during non-holiday periods could be linked to particulate matter levels on the day and four days before the arrest. PM2.5 has more significant effects considering non-holiday OHCA within the subgroups men, age 50 to 75 years old and diabetics. Investigation of susceptible subgroups becomes especially important in epidemiological studies of PM because of the small population-wide relative risks that are usually observed. Studies in larger metropolitan areas with similar levels of air pollution may provide further insights into the risks and the factors associated with them and could lead to specific policy recommendations aimed at vulnerable subgroups. Further research is required to evaluate robustness of time-stratified case crossover focusing on non-holiday OHCA. As a final point, identification of potential confounders of air pollutants and ways to take them into account so as to provide the least bias models should be further explored.
